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14.  ABSTRACT 

The  symptoms  of  mild  TBI  can  be  missed  are  often  ignored  or  misdiagnosed  as  another  neurological 
or  psychological  disease.  mTBI  most  commonly  damages  white  matter.  Diffusion  Tensor-MRI  (DT- 
MRI)  is  a  sensitive  brain  imaging  method  to  measure  white  matter  injury;  and  is  the  preferred  method 
to  distinguish  mTBI  from  other  neurological  or  psychiatric  disorders.  White  matter  regions  frequently 
damaged  by  mTBI  include  the  corpus  callosum  and  other  centroaxial  structures  that  transfer 
information  between  the  two  cerebral  hemispheres.  The  functioning  of  these  white  matter  regions  can 
be  assessed  using  neuropsychological  tests  using  interhemispheric  transfer  of  information  (IHT).  IHT 
deficits  have  been  reported  with  moderate  to  severe  TBI,  but  have  been  studied  less  in  mTBI.  The 
central  hypothesis  of  this  proposal  is  that  mTBI  produces  IHT  deficits  and  that 
neuropsychological  tests  employing  IHT  can  be  an  initial  field  screen  for  mTBI.  This 
hypothesis  will  be  tested  by  determining  whether  a  neuropsychological  test  employing  IHT  can 
be  an  initial  screen  for  mTBI  in  humans.  Twenty  control  patients  and  20  patients  with  putative 
mTBI  will  receive  a  test  of  IHT  followed  by  a  more  definitive  diagnosis  of  mTBI  by  DT-MRI.  IHT  tests 
will  be  performed  using  a  laptop  computer  running  software  that  displays  visual  stimuli  exclusively  to 
either  the  left  visual  field  or  right  visual  field  of  the  retina.  The  time  between  a  visual  stimulus  and  a 
hand  response  will  be  measured.  Interhemispheric  transfer  time  (ITT)  will  be  defined  as  the 
difference  between  the  ipsilateral  and  contralateral  reaction  times.  ITT  is  predicted  to  be  slower  in 
patients  with  mTBI  than  control  patients.  Deficits  in  IHT  tests  are  anticipated  to  highly  correlated  with 
fractional  anisotropy  in  the  corpus  callosum  and  other  centroaxial  white  matter  structures  measured 
with  DT-MRI.  The  successful  completion  of  this  project  will  provide  critical  data  for  larger  clinical 
studies  testing  the  value  of  IHT  as  an  initial  screen  for  mTBI. 

15.  SUBJECT  TERMS 

Mild  traumatic  brain  injury,  neuropsychological  testing,  differential  susceptibility,  white  matter  injury, 
diffusion  tensor  magnetic  resonance  imaging 
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Introduction 


Mild  TBI  (Glasgow  Coma  Score  >13)  can  be  easily  missed  since  its  symptoms  can  be 
either  ignored  or  misdiagnosed  as  another  neurological  or  psychological  disease  [1], 
mTBI  most  commonly  damages  white  matter.  Diffusion  Tensor-MRI  (DT-MRI)  is  a  highly 
sensitive  brain  imaging  method  to  measure  white  matter  injury;  therefore  it  is  the 
preferred  method  to  distinguish  mTBI  from  other  neurological  or  psychiatric  disorders 
[2],  MRI  scanners  needed  for  DT-MRI  can  be  unavailable  to  deployed  troops;  signifying 
a  need  for  a  simple,  rapid  mTBI  screen  that  decides  which  soldiers  need  subsequent 
DT-MRI.  White  matter  regions  that  are  frequently  damaged  by  mTBI  include  the  corpus 
callosum  and  other  centroaxial  structures  that  transfer  information  between  the  two 
cerebral  hemispheres  [2],  The  normal  functioning  of  the  corpus  callosum  and  other 
white  matter  regions  can  be  assessed  easily  and  rapidly  using  neuropsychological  tests 
that  rely  upon  interhemispheric  transfer  of  information  (IHT)  [3],  IHT  deficits  have  been 
reported  with  moderate  to  severe  TBI,  but  have  been  studied  less  in  mTBI  [3-7],  The 
central  hypothesis  of  this  proposal  is  that  mTBI  produces  IHT  deficits  and  that 
neuropsychological  tests  employing  IHT  can  be  an  initial  field  screen  for  mTBI.  A 
demonstration  that  IHT  provides  an  initial  screen  for  mTBI  potentially  has  a  large  and 
immediate  impact  on  military  health.  This  hypothesis  will  be  tested  by  determining 
whether  a  neuropsychological  test  employing  IHT  can  be  an  initial  screen  for 
mTBI  in  humans.  Twenty  control  patients  and  20  patients  with  putative  mTBI  will 
receive  a  test  of  IHT  followed  by  a  more  definitive  diagnosis  of  mTBI  by  DT-MRI.  IHT 
tests  will  be  performed  using  a  laptop  computer  running  software  that  displays  visual 
stimuli  exclusively  to  either  the  left  visual  field  or  right  visual  field  of  the  retina.  The  time 
between  a  visual  stimulus  and  a  hand  response  will  be  measured.  Interhemispheric 
transfer  time  (ITT)  will  be  defined  as  the  difference  between  the  ipsilateral  and 
contralateral  reaction  times.  ITT  is  predicted  to  be  slower  in  patients  with  mTBI  than 
control  patients.  Deficits  in  IHT  tests  are  anticipated  to  highly  correlated  with  FA  in  the 
corpus  callosum  following  DT-MRI.  The  successful  completion  of  this  project  will  provide 
critical  data  for  larger  clinical  studies  testing  the  value  of  IHT  as  an  initial  screen  for 
mTBI. 

Body 

Work  done  at  State  University  of  New  York-Downstate  Medical  Center,  Brooklyn,  NY 
Personnel 

Peter  Bergold,  Ph.D.  Principal  investigator 

William  Lytton,  M.D.  Software  Developer 

Yosef  Skolnick,  B.S.  Software  Developer 

IRB  Approval 

State  University  of  New  York-Downstate  Medical  Center  IRB  approval  on  August  10, 
2010. 

Summary 

Software  development  for  the  IHT  test 
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Interhemispheric  information  transfer  will  be  measured  using  custom-written  software 
and  a  laptop  computer.  The  computer  display  an  arrow  to  either  the  left  or  right 
hemiretinal  field.  Upon  registering  the  arrow,  the  patient  presses  the  space  bar  with 
his/her  dominant  hand.  Fifty  trials  of  crossed  and  uncrossed  reaction  times  will  be 
measured.  Interhemispheric  transfer  will  be  defined  as  the  difference  between  the 
averages  of  the  crossed  and  uncrossed  reactions  times.  The  interhemipsheric 
information  transfer  test  utilizes  the  anatomy  of  the  visual  system.  Each  hemiretinal 
field  projects  directly  to  one  of  the  two  visual  cortices.  With  intact  commissural 
pathways,  the  information  about  the  arrow  is  rapidly  transferred  to  the  contralateral 
hemisphere  resulting  in  virtually  identical  crossed  and  uncrossed  reaction  times.  With 
impaired  commissural  pathways,  transfer  across  the  midline  is  slower.  This  is 
hypothesized  to  produce  a  larger  difference  between  the  crossed  and  uncrossed 
reaction  times  than  if  commissural  pathways  are  intact. 

Python  and  the  Psychopy  API  were  used  to  develop  the  Interhemispheric  transfer 
test.  Psychopy  API  uses  OpenGL  libraries  were  used  to  develop  the  software  to 
provide  superior  measurement  of  reaction  times  across  multiple  platforms.  The 
measurement  of  reaction  time  was  not  overly  affected  by  latency  differences  in  the  bus 
and  in  OS  schedulers. 

The  test  begins  with  a  dialog  box  that  allows  keying  in  the  identification  number 
and  dominant  hand  of  the  patient.  The  nose  of  the  subject  is  placed  55cm  from  the 
center  of  the  screen.  The  subject  fixates  on  a  +  sign  in  the  center  of  the  screen  while 
placing  his/her  dominant  hand  on  the  space  bar.  The  subject  hits  the  space  bar  upon 
registering  the  appearance  of  an  arrow  either  18cm  to  the  left  or  right  from  the  +  sign. 
The  time  that  arrow  appears  randomly  varies  between  4  and  6  second.  This  ensures 
that  the  subject  can  not  anticipate  when  the  arrow  appears.  Fifty  trials  are  administered 
that  are  randomized  to  side  and  to  intertrial  interval.  Interhemispheric  transfer  time 
(ITT)  will  be  defined  as  the  difference  between  the  uncrossed  and  crossed  reaction 
times.  To  ensure  privacy,  the  identification  number  of  the  patient  will  be  the  name  of  the 
data  file  of  the  reaction  times. 


Work  done  at  University  of  Texas-  Southwestern  Medical  Center,  Dallas,  TX 

University  of  Texas-  Southwestern  Medical  Center  IRB  approval  on  May  24,  2010. 


Personnel 

Kyle  Womack,  M.D.,  Ph.D. 

Carlos  Marquez  de  la  Plata,  Ph.D. 
Christopher  Paliotta,  B.S. 

Steve  Cannon,  M.D. 

Duke  Samson,  M.D. 


Principal  investigator,  Dallas  site 
Co-principal  investigator 
Research  Coordinator 
Chair  of  Neurology 
Chair  of  Neurosurgery 
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Other  study  personnel 
Christopher  Madden,  M.D. 
Lifang  Peng,  M.S. 

Nasreen  Sayed,  M.S. 

Caryn  Harper,  M.S.,  CROC 


IRB  approval 

IRB  approval  has  been  obtained  at  both  the  SUNY-Downstate  and  UT-Southwestern  sites. 


Study  Design 

Twenty  civilian  patients  with  mild  traumatic  brain  injury  are  being  recruited  from 
Parkland  Memorial  Hospital,  Dallas,  TX.  The  patient’s  chart  is  reviewed  for  information 
about  the  nature  of  the  injury  and  the  first  post-resuscitation  Glasgow  coma  Scale.  Upon 
determining  that  the  patient  is  eligible  for  the  trial,  consent  will  be  obtained  from  the 
patient  or  from  a  legally  authorized  representative  according  to  the  local  IRB  regulations 
for  informed  consent.  Eligible  TBI  subjects  will  be  under  the  care  of  the  Department  of 
Neurosurgery,  the  Department  of  Physical  Medicine  and  Rehabilitation,  recruited  from 
Parkland  Health  and  Hospital  System.  They  will  be  consented  face-to  face  by 
investigators,  study  manager,  or  research  assistant.  Healthy  controls  will  be  age  and 
gender-matched  family  members  of  the  TBI  patients  or  other  healthy  volunteers  who 
agree  to  participate  in  the  study.  They  will  be  provided  detailed  information  about  the 
study,  their  commitment  to  the  study,  as  well  as  a  copy  of  the  consent  form  that  they 
signed. 

Consent  will  be  obtained  from  the  participant  once  they  become  competent  to 
grant  consent.  Participation  in  other  observational  or  treatment  trials  of  TBI  will  not  be 
an  exclusion  criterion  for  enrollment  into  the  current  study.  While  this  has  a  small 
potential  to  introduce  some  ambiguity  into  our  study,  we  believe  that  this  risk  is  small 
compared  to  the  expected  practical  and  scientific  benefits. 

Subjects  will  be  paid  $100.00  for  each  magnetic  resonance  imaging  (MRI) 
session  with  neuropsychological  testing  they  undergo.  Study  participants  will  have  an 
MRI  within  7  days  of  their  injury  and,  either  on  the  same  day  or  a  different  day,  have 
neuropsychological  testing  done  by  a  neuropsychologist  on  our  staff.  Participants  are 
paid  $100  (check  or  gift  card)  if  they  complete  both  the  MRI  and  testing.  If  they  do  not 
complete  an  MRI  procedure  (e.g.  due  to  claustrophobia  while  in  the  scanner),  or  they 
want  to  stop  the  neuropsychological  interview  due  to  fatigue  or  emotional  upset,  they 
will  be  paid  a  prorated  amount,  depending  on  the  task  attempted  or  completed.  They 
will  still  be  paid  $50.00  for  attempting  the  scan,  if  the  participant  attempts  to  do  the  MRI, 
becomes  claustrophobic  and  has  to  come  out  of  the  scanner,  If  they  do  not  complete 
the  imaging,  they  will  not  have  neuropsychological  testing.  If  they  complete  the  MRI  but 
not  the  neuropsychological  testing,  they  will  be  paid  only  for  the  MRI  ($50.00).  If  they 
do  the  MRI  and  even  attempt  the  testing,  they  will  receive  the  full  $100.00. 
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Both  mTBI  patients  and  controls  will  be  scanned  using  a  3  tesla  magnet  MRI  at 
the  Advanced  Imaging  Research  Center  at  University  of  Texas  Southwestern  Medical 
Center.  Total  time  to  complete  each  MRI  will  be  about  an  hour  or  less.  At  no  stage  of 
the  study  will  IV’s,  shots  or  injections,  restraints  be  required.  All  research-related  MRI 
studies  will  be  performed  at  no  cost  to  the  subject.  Research-related  MRI’s  will  not  be 
made  available  to  the  patient’s  treating  physician  unless  requested  by  the  patient,  if  the 
sole  reason  for  doing  the  MRI  is  for  research.  If  the  patient  requests  a  copy  of  the  MRI, 
a  digital  disc  will  be  provided  to  the  patient  or  his  physician.  All  of  the  participants  will 
be  patients  of  the  Department  of  Neurosurgery. 

The  same  day  or  on  another  day  that  is  convenient  to  the  study  participant,  a 
neuropsychologist  will  administer  the  IHT  neuropsychological  battery,  using  a  laptop 
computer  running  tachistoscopic  software  that  displays  a  plus  sign  exclusively  to  either 
the  left  visual  field  or  right  visual  field  of  the  retina. 

In  the  IHT  test,  the  subject  places  his/her  dominant  hand  on  the  space  bar  The 
computer  records  the  time  needed  to  between  projecting  the  plus  sign  and  the 
activation  of  the  space  bar.  In  uncrossed  determinations,  the  time  elapsed  between  the 
projection  of  the  plus  sign  to  the  hemiretinal  field  ipsilateral  to  the  dominant  hand  and 
the  activation  of  the  space  bar.  In  uncrossed  determinations,  the  time  elapsed  between 
the  projection  of  the  plus  sign  to  the  hemiretinal  field  contralateral  to  the  dominant  hand 
and  the  activation  of  the  space  bar.  Interhemispheric  transfer  time  (ITT)  will  be  defined 
as  the  difference  between  the  uncrossed  and  crossed  reaction  times.  ITT  is  predicted  to 
be  slower  in  patients  with  mTBI  as  compared  to  control  patients. 

Deficits  in  IHT  tests  are  anticipated  to  highly  correlated  with  the  increase  in  mean 
diffusion  and  decrease  in  FA  as  measured  by  DT-MRI.  Deficits  in  interhemispheric 
transfer  time  are  predicted  to  positively  correlate  with  decreased  FA  in  multiple  white 
matter  areas  assayed  with  DT-MRI.  This  will  suggest  that  IHT  tests  are  an  initial  screen 
for  mTBI. 

In  addition  to  the  IHT,  the  “battery”  of  neuropsychological  tests  will  includes  the  following 
questionnaires: 

Glasgow  Outcome  Scale-  Extended  (GOSE) 

Movement  Disorder  Questionnaire 
Eppworth  Sleepiness  Scale 
Satisfaction  with  Life 

Beck  Depression  InventoryDisability  Rating  Scale 
Functional  Status  Examination. 


Criteria  for  inclusion  or  exclusion  of  experimental  subjects 


Inclusion  Criteria 

Exclusion  Criteria 

Post-resuscitation  Glasgow  Coma  Score  History  of  pre-existing  neurologic 
>  13  disease(epilepsy,  brain  tumors, 

meningitis,  cerebral  palsy,  encephalitis, 
brain  abscesses,  vascular 
malformations,  cerebrovascular  disease, 
Alzheimer's  disease,  multiple  sclerosis, 
or  HIV-encephalitis) 

Injury  mechanism  compatible  with  mTBI 

Enrollment  within  7  days  of  injury 

Reasonable  expectation  for  completion 
of  outcome  measures 

History  of  a  premorbid  disabling 
condition  that  interfere  with  outcome 
assessments 

Residence  inside  the  United  States 

Previous  hospitalization  forTBI  >  1  day 

Age  18-50  years  inclusive 

Contraindication  to  MRI  (i.e. 
incompatible  metal  implants) 

Membership  in  a  vulnerable  population 
(prisoner) 

Pregnancy 

Inclusion  criteria  for  healthy  controls: 

1)  Good  general  health 

2)  Ability  to  provide  informed  written  consent 

3)  At  least  an  8th  grade  education  or  employed  to  demonstrate  that  participant  is  not 
cognitively  impaired 

4)  Normal  brain  anatomy  on  magnetic  resonance  imaging  (MRI) 

5)  Ability  to  speak  either  English  or  Spanish. 

Exclusion  criteria  for  healthy  controls: 

1)  Abnormal  medical  history  such  as  neurological  disease  including  head  trauma  with 
loss  of  consciousness 

2)  Having  a  contraindication  to  MRI  such  as  pregnancy,  breast  feeding,  surgical  clips, 
metallic  artificial  prostheses,  surgically  implanted  pacemakers,  or  claustrophobia. 

Biostatistics  The  primary  hypothesis  of  this  study  is  that  lowered  FA  in  selected  white 
matter  regions  is  positively  correlated  with  IHT  deficits.  This  hypothesis  will  be  tested  in 
two  steps:  1)  differences  in  neuroimaging  parameters  will  be  determined  between 
healthy  controls  and  patients  with  mTBI,  2)  neuroimaging  parameters  will  then  be 
correlated  to  the  IHT  test  outcome.  First,  we  will  use  univariate  analyses  to  determine  if 
there  are  mean  differences  between  groups  across  the  neuroimaging  parameters.  Four 
different  DT-MRI-derived  measures  (whole  brain  white  matter  FA;  region  of  interest  FA 
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measures  (for  12  different  ROIs)  and  tractography  FA  measures  (for  a  total  of  28 
different  tracts).  In  this  univariate  analysis,  group  averages  of  each  measure  will  be 
compared  using  the  Mann-Whitney  rank-sum  test  between  the  patients  and  the  normal 
controls.  After  differences  are  determined  between  groups,  we  will  utilize  Receiver 
Operating  Characteristics  curves  to  determine  the  utility  of  these  neuroimaging 
parameters  to  distinguish  healthy  volunteers  from  patients  with  mTBI.  Receiver 
Operating  Characteristics  curves  will  be  constructed  to  comparing  each  neuroimaging 
measure  that  showed  significant  differences  between  controls  and  patients  to  determine 
the  discriminant  validity  of  the  potential  imaging,  as  the  neuroimaging  data  of  healthy 
volunteers  are  considered  optimal  (i.e. ,  gold  standard  from  which  patients’  neuroimaging 
parameters  will  deviate).  The  area  under  the  curves  will  not  be  considered  to  guide  the 
determination  of  an  optimal  biomarker,  as  correlation  to  outcome  will  determine  this. 
The  Receiver  Operating  Characteristics  will  only  be  used  to  determine  the  ability  of 
each  neuroimaging  parameter  to  distinguish  healthy  volunteers  from  patients  with  TBI. 
Second  we  will  utilize  correlations  within  the  patient  group  to  determine  the  best 
biomarker  of  mTBI.  Each  of  the  neuroimaging  measures  will  be  correlated  with  the  IHT 
outcome  using  Spearman’s  rank  correlation  coefficient.  Given  the  large  number  of 
comparisons,  we  will  use  a  strict  alpha  =  0.005  for  both  group  comparisons  and 
correlations.  Although  this  is  less  strict  than  a  Bonferroni  correction,  we  believe  the 
latter  is  unduly  conservative,  as  we  anticipate  that  the  DT-MRI  measures  will  be  highly 
correlated  with  each  other. 


In  the  first  year  of  the  study,  we  have  enrolled  12  patients  and  6  controls.  The  majority 
of  patients  have  followed  procedures.  For  a  small  minority  of  consented  patients,  we 
have  encountered  difficulty  in  achieving  an  acute  scan.  This  has  largely  been  due  to 
balancing  the  patient’s  discharge  date,  scanning  within  7  days  of  their  injury,  at  an 
available  time  for  the  return  patient  to  scan,  and  during  an  available  time  slot  for  the 
imaging  center.  Fortunately,  no  major  problems  have  been  encountered  otherwise. 

The  only  protocol  deviations  has  been  one  patient  that  was  enrolled  36  hours  after  time 
of  injury.  Though  the  patient  had  a  GCS  of  13-15,  the  patient  was  drowsy  and,  by  family 
request,  was  told  to  wait  until  the  following  morning  after  injury  to  be  tested  and 
scanned. 

In  contrast  to  our  relative  ease  in  enrolling  patients  for  the  initial  scan,  we  have 
encountered  problems  in  getting  patients  to  return  for  their  6-month  follow-up.  The 
reasons  have  been  various  difficulty  to  getting  transportation  to  the  hospital, 
forgetfulness  and  deciding  to  leave  the  study.  In  response,  we  have  refined  our 
approach  by  making  reminder  phone  calls  and  placing  a  substantially  higher  emphasis 
on  their  first  scan  during  consent. 

There  has  been  no  change  in  the  risk/benefit  relationship  of  the  research  based  upon 
the  results. 
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There  were  personnel  changes  at  the  Dallas  site  during  the  last  reporting  period.  Dr. 
Ramon  Diaz-Arrastia,  the  principal  investigator,  and  Ms  Carol  Moore,  the  research 
coordinator  left  U  of  Texas  Southwestern  to  take  positions  at  the  Uniformed  Services 
University  of  the  Health  Sciences.  Dr.  Diaz-Arrastia  was  replaced  with  Dr.  Kyle  Womack 
and  Ms  Moore  was  replaced  with  Mr.  Paliotta.  The  personnel  changes  have  not  altered 
any  other  aspect  of  the  study. 


Key  Research  Accomplishments 

1)  IRB  approval  at  both  SUNY-Downstate  and  UT-Southwestern  sites. 

2)  Software  Development  of  IHT  software  has  been  completed  and  is  working  smoothly  at 
the  Dallas  site. 

3)  Finalization  of  study  design 

4)  Ongoing  recruitment  of  both  mTBI  patients  and  controls. 

5)  Beginning  of  6-month  follow-up  study. 

Reportable  Outcomes 

None 


Conclusion 

This  study  has  had  substantial  success  enrolling,  testing  and  scanning  patients. 
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